gives an update on his Oil Field Brine Desalination project and discusses the joint venture created to test new technology in field applications.
Testing of Advanced Technology at A&M Membrane Pilot Plant
The RO unit is used for field demonstrations of the GPRI Designs TM Desalination Technology. It has been equipped with variable frequency drive to reduce power requirements. In addition, a new type of low pressure RO membrane has been installed to boost recovery efficiency and reduce pressure required for desalination. The unit is in almost continual use at the A&M Pilot Plant to evaluate brine water cleanup from the field sites. Once results indicate a practical desalination process might be feasible in the field, the unit is moved to the well site and run to determine "on-site efficiency" and operating cost.
Experience has shown that membranes can be effective pre-treatment techniques and RO membranes can provide desalination at less cost than the cost of brine disposal. Testing has also shown that desalinating brackish oil field brine is more expensive that desalination of BGW but concentrate disposal will be less expensive. Newer desalination technology is also continuing its advance in the field of industrial, food, and pharmaceutical industries.
The A&M Mobile Desalination Unit was constructed to test both pre-treatment by membranes and RO desalination at field sites. Different types of membranes are tested and RO salt rejection. In addition to testing the capability of different types of membranes, the unit has power transformers to utilize oil field power and an electrical meter to measure power consumption, one of the most cost factors in desalination. The cost of desalination is directly related to the power used to pump brine past the filters. As salinity increases, power consumption rises. Data from four different field sites are given for comparison, collected on four types of saline feed brines. Table 1 shows a comparison of the cost of pre-treatment with ultrafiltration (UF) and for RO for different types of brine. The energy cost of operating the desalination facility represents roughly one-third of the total operating costs. The total operating costs would be less than $10 per 1,000 gallons of fresh water produced ($.42 per bbl) for desalination on-site of brackish produced water from a gas well. For comparison, the operator of the well pays approximately $1.50 per barrel to truck the water to a commercial salt water disposal well. For this example, the field data indicate that a dedicated desalination unit on the site could reduce the water hauling volume by 50% and the total water hauling costs by almost 20% and For this example, the land owner was offered the fresh water for no cost. Under some circumstances, the fresh water represents income to the operator. 
Advanced Membrane Filtration Technology for Cost Effective Recovery of Fresh Water from Oil & Gas Produced Brine--Continued
Over the past decades, different techniques were developed to solve single-phase, slightly-compressible flow problems in porous media where the fluid removal (injection) is from a complex wellfracture system. Most of these methods use the point source integrated over a line and/or a surface.
The major disadvantage of this method is the inherent singularity of the solution wherever the point source is placed. The method of Distributed Volumetric Sources (DVS) is developed to remove this limitation by assuming a source not in the form of a point but in the form of a rectilinear volume extended inside the surrounding rectilinear porous media. We will refer to this configuration as "boxin-box".
The method of DVS is developed to solve problems of transient and pseudo-steady state fluid flow. The basic building block of the method comprises calculation of the analytical response of a rectilinear reservoir with closed outer boundaries to an instantaneous volumetric source, also shaped as a rectilinear body. The solution also provides the well-testing derivative of the response to a continuous source in analytical form. This can be integrated over time to provide the pressure response to a continuous source. For production engineering applications, we cast the results into a transient/pseudo-steady productivity index form. The new method is validated through comparison to results of some of the well known well-testing solutions for simple configurations such as vertical wells with full and partial penetration, horizontal wells with uniform flux and infinite conductivity, and fractured wells with uniform flux, finite or infinite conductivity. The results show a very good agreement with the existing models. The main advantage of the new solution is its applicability over the more complex fracture/well configurations, some of which are studied in the paper.
The new method has shown to provide a fast, robust, and reliable way to pressure transient analysis, and well performance prediction whenever complex well/fracture configuration is considered. The technique can be used to model performance for horizontal gas well, fractured or non-fractured, to evaluate well design and stimulation design, and to perform production optimization. When drilling operations penetrate sediments bearing gas hydrates, the changes in temperature and pressure may cause the hydrates to dissociate into gas and fresh water. The drilling fluid can become highly gasified, lowering the mud density and reducing drilling fluid pressure, potentially leading to wellbore instability, hole enlargements, kicks, blowouts, wellbore collapse and, when conditions are favorable, reforming gas hydrates in the annular space. We believe that improved design of drilling fluids can provide better management of pressure and temperature conditions entering the hydrate zone, preventing the losses of time and equipment associated with hydrate conditions. To be able to improve drilling fluids design it is of most importance to understand those phenomena existing at the drilling bit as well as the downhole changes due to gas addition.
Developing Models for Elliptical Drainage in Hydraulically Fractured Tight Gas Reservoirs--Continued

Introduction
Hydrate accumulations are located over oil and gas reserves worldwide, wherever temperature is cold enough and pressure is high enough to support hydrate formation. They are as common in the fields of Central America as in the frozen tundra of Siberia or in Prudhoe Bay, Alaska, but they also have stalled operations in the gas fields of Qatar and other hot, arid locales. In Prudhoe Bay, huge reserves of oil at about 9,000 ft below the surface and gas at about 6,000 ft are overlain by hydrate zones between 2,000 and 4,000 ft. Preventing operational losses in these fields requires substantial preparation and management, which we believe would be facilitated by better understanding of the downhole conditions for these wells.
Case study of drilling through gas hydrates Our review of literature shows that well kicks and blowouts have stopped oilfield operations in some wells since at least the 1970s, and a 1992 blowout followed penetration of a gas zone below hydrates. The industry standard for hydrate management is to include hydrate inhibitors in the drilling fluid to prevent formation of hydrates inside the wellbore. Dr. Yuri Makogon has shown that commercial inhibitors may not work as intended (in fact, they may actually promote hydrate formation under certain conditions), but even inhibitors have little utility as operations enter the deeper, colder environments of modern drilling and unconventional reservoirs. In these cases, drillers must design fluids that can withstand the conditions where hydrates have already formed and maintain adequate pressure as hydrates dissociate, potentially reducing both the weight and the viscosity of the drilling fluid.
Future Study
This project has already examined the current literature about the conditions leading to hydrate formation, dangers of mismanagement of hydrate zones, and existing management procedures to avert or attenuate losses caused by hydrate conditions. As found through the literature, adding commercial inhibitors must be correlated with the downhole conditions in order to determine the right inhibitor amount. Our next steps will be to investigate the relation between drilling parameters and downhole conditions in search of a correlation that will allow engineers to update and improve drilling fluids for use in drilling through hydrate formations.
We are currently seeking funding to conduct such an investigation in order to develop a unique high pressure/low temperature (HP/LT) testing procedure. Also current practice on offshore mud testing and selection criteria of the CRISMAN members will be required.
Design of Fluids for Drilling Through Gas Hydrates Project Information
Crisman Project: 1.5. Drilling, completion and stimulation practices used by the coalbed methane industry vary across basins and between basins, owing to variable, complex reservoir parameters. The objectives of this research are to clarify the best drilling, completion, and stimulation methods for given sets of geological conditions. This should help minimize costs and maximize gas recovery from coalbed reservoirs.
Coalbed methane is produced from a dozen basins in the U.S., and it accounts for approximately 9% of both the U.S. annual gas production and the dry gas reserves. Internationally, there is commercial coalbed gas production in the Bowen Basin of Queensland, Australia, and there are test wells or pilot projects in several countries, including Russia, the United Kingdom, China, and India.
Coalbed completion and stimulation practices vary with geologic settings. For example, openhole cavity completions are highly successful in the coalbed methane fairway of the San Juan basin, whereas in other parts of this and many other basins, hydraulic fracturing of single or multiple zones is the most successful completion/stimulation method. In other regions, such as the Cherokee and the Central Appalachian basins, new technologies, such as single horizontal and pinnate wells have proved to be most effective. Our research is designed to determine which technologies are best applied to maximize reserves recovery and to minimize costs for new and existing coalbed methane fields. The primary product of the study will be flowcharts in the form of expert advisor software that can help engineers make decisions concerning best field practices.
To accomplish the goals of this project, we will rely heavily on the opinions of industry experts. This information is being gathered through responses to a questionnaire. We have circulated the questionnaire in the industry and have requested responses by May 4, 2007. If your company has not received the questionnaire and you are willing to contribute your knowledge to improve this study, please contact Sunil Ramaswamy.
Examples of some types of CBM completions, from the 1980's to the present.
Effects of New Technology on Economically Recoverable Coalbed Methane
